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QUATERNARY GEOLOGIC ATLAS OF THE UNITED STATES

IMPORTANT STRATIGRAPHIC
SECTIONS
[Stratigraphic units are listed from youngest to oldest. Rank
terms of informal units are not capitalized. Age assignments
of units are based on table 2. A given unit thickness in an
exposure is the maximum thickness |

SASKATCHEWAN

[The formal stratigraphic nomenclature of Christiansen
(1968b, 1992) has not been extended to some test hole
records. Test hole logs not otherwise referenced were
provided by E. A. Christiansen]

ol SRC Laura Plots No. 1 test hole, sec. 25,
T. 33, R. 10, W. 3, Sask.—Reference
section for Dundurn Formation.
Pleistocene, 21.4 m silt and sand;
middle Pleistocene Warman Formation,
12.8 m unoxidized till; middle
Pleistocene Dundurn Formation, 18.6
m oxidized till, 9.5 m silt and sand, 2.1
m unoxidized till, 2.4 m sand; early
Pleistocene Mennon Formation, 7.9
m unoxidized till, 0.9 m gravel, 1.2 m
unoxidized till, 2.4 m interbedded till
and sand, 3.7 m unoxidized till, 1.2 m
sand, 1.2 m unoxidized till

IPresent affiliation: Wisconsin Geological and Natural
History Survey

@2 SRC Blackstrap Lake test hole, sec. 6, T.
33, R. 3, W. 3, Sask.—Late Wisconsin
Battleford Formation, 13.4 m oxidized
and unoxidized till; early Wisconsin
and (or) Illinoian Floral Formation, 11.6
m oxidized till, 18.9 m unoxidized till;
middle Pleistocene Warman Formation,
11.6 m unoxidized till, 0.6 m sand, 1.8
m unoxidized till; middle Pleistocene
Dundurn Formation, 5.5 m sand, 3.1 m
unoxidized till; early Pleistocene Men-
non Formation, 11.3 m unoxidized till

o3 SSRIP Conquest No. 3 test hole, sec. 24, T.
30, R. 10, W. 3, Sask.—Late Wisconsin,
4.6 m silt; late Wisconsin Battleford
Formation, 3.7 m oxidized till; early
Wisconsin and (or) Illinoian Floral For-
mation, 4.0 m oxidized till, 0.9 m sand,
5.5 m unoxidized till, 0.9 m sand, 4.9
m unoxidized till; middle Pleistocene
Warman Formation, 11.3 m oxidized till;
middle Pleistocene Dundurn Formation,
29.3 m unoxidized till; early Pleistocene
Mennon Formation, 7.9 m silt and sand,
4.9 m unoxidized upper till member,

1.2 m sand, 7.6 m unoxidized upper
till member, 10.4 m oxidized lower till
member; early Pleistocene and (or) late



Pliocene Empress Group, 25.0 m clay,
silt, and sand

o4 SRC Kenaston test hole, sec. 24, T. 29, R.

3, W. 3, Sask.—Late Wisconsin Bat-
tleford Formation, 4.0 m oxidized till,
1.8 m unoxidized till; middle Wiscon-
sin Kenaston gyttja, 1.5 m gyttja that
yielded a "C age of 38,000+560 yr B.P.
(GSC-1041; wood); early Wisconsin
and (or) Illinoian Floral Formation,
35.7 m unoxidized till; middle Pleisto-
cene Warman Formation, 15.9 m unoxi-
dized till; middle Pleistocene Dundurn
Formation, 4.3 m unoxidized till

o9 SRC Drake (#1) test hole, sec. 34, T. 31,

R. 23, W. 2, Sask.—Late Wisconsin
Battleford Formation, 4.9 m oxidized
till, 7.3 m unoxidized till; early Wis-
consin and (or) Illinoian Floral Forma-
tion, 39.0 m unoxidized till; middle
Pleistocene Dundurn Formation, 58.9
m unoxidized upper till member, 32.6
m unoxidized lower till member;
middle Pleistocene and (or) early Pleis-
tocene, 24.4 m sand, silt, and clay (val-
ley fill inset into Mennon Formation);
early Pleistocene Mennon Formation,
4.3 m unoxidized till, 1.2 m sand, 9.2 m
unoxidized till, 10.7 m sand and silt, 3.1
m unoxidized till, 3.7 m sand

6 SRC Drake (#2) test hole, sec. 6, T. 32, R.

22, W. 2, Sask.—Late Wisconsin Bat-
tleford Formation, 6.7 m oxidized till,
14.0 m unoxidized till; early Wisconsin
and (or) Illinoian Floral Formation,
33.6 m unoxidized till; middle Pleisto-
cene Warman Formation, 3.4 m unoxi-
dized till; middle Pleistocene Dundurn
Formation, 13.1 m unoxidized upper till
member, 3.4 m sand, 4.0 m unoxidized
upper till member, 1.8 m sand, 2.4 m
unoxidized upper till member, 0.6 m
sand, 4.3 m unoxidized upper till mem-
ber, 0.6 m sand, 9.2 m unoxidized upper
till member, 5.5 m sand, 1.2 m unoxi-
dized upper till member, 10.4 m sand,
8.5 m unoxidized lower till member;
early Pleistocene Mennon Formation,
9.8 m unoxidized till, 32.9 m interbed-
ded gravel, sand, and till. Repetition
of Dundurn Formation units possibly
indicates glaciotectonic stacking

o7 SRC Drake (#3) test hole, sec. 3, T. 32,

R.22, W. 2, Sask.—Late Wisconsin

Battleford Formation, 3.7 m oxidized
till, 13.4 m unoxidized till; early Wis-
consin and (or) Illinoian Floral Forma-
tion, 35.4 m unoxidized till; middle
Pleistocene Warman Formation, 2.4

m unoxidized till; middle Pleistocene
Dundurn Formation, 29.9 m unoxidized
upper till member, 22.0 m unoxidized
lower till member, 5.5 m sand, 7.6 m
unoxidized lower till member; early
Pleistocene Mennon Formation, 5.2 m
clay, 5.5 m unoxidized till; early Pleis-
tocene and (or) late Pliocene Empress
Group, 23.8 m sand

8 SRC Drake (#4) test hole, sec. 32, T. 31, R.

21, W. 2, Sask.—Late Wisconsin Bat-
tleford Formation, 7.3 m oxidized till,
10.1 m unoxidized till; early Wisconsin
and (or) Illinoian Floral Formation, 4.0 m
unoxidized till, 1.8 m sand, 25.6 m unoxi-
dized till; middle Pleistocene Dundurn
Formation, 9.8 m oxidized till, 11.6 m
unoxidized till; early Pleistocene Mennon
Formation, 1.8 m interbedded sand and
till, 8.5 m oxidized till, 0.3 m sand and
gravel, 1.8 m oxidized till, 1.5 m sand and
gravel, 3.7 m oxidized till; early Pleis-
tocene and (or) late Pliocene Empress
Group, 61.6 m silt and sand.

09 SRC Demaine test hole, sec. 27, T. 22, R.

10, W. 3, Sask.—Late Wisconsin Bat-
tleford Formation, 10.4 m oxidized and
unoxidized till; early Wisconsin and

(or) Illinoian Floral Formation, 34.8 m
sand and silt, 14.7 m unoxidized till, 1.8
m clay and silt, 12.2 m unoxidized till;
middle Pleistocene Dundurn Formation,
0.9 m pebbly sand, 13.4 m oxidized till,
40.6 m silt and sand; early Pleistocene
Mennon Formation, 1.5 m calcic paleo-
sol(?) in till, 8.6 m oxidized till, 27.1 m
unoxidized till; early Pleistocene and (or)
late Pliocene Empress Group, 17.4 m silt,
5.5 m interbedded gravel and silt

10 SRC Saskatchewan Landing test hole,

sec. 14, T. 19, R. 15, W. 3, Sask.—Late
Wisconsin Battleford Formation, 1.5

m oxidized till; early Wisconsin Floral
Formation, 5.2 m oxidized upper till
member, 3.7 m gravel, sand, and silt,
10.1 m oxidized and unoxidized upper
till member; Illinoian Floral Formation,
14.7 m unoxidized lower till member,
0.6 m sand; middle Pleistocene Dundurn



Formation, 0.9 m “marl” (calcic paleo-
sol?) in sand and silt, 4.0 m sand and silt,
9.8 m oxidized upper till member, 36.0
m silt, sand, and gravel, 1.8 m sand and
gravel, 11.3 m oxidized lower till mem-
ber, 7.9 m unoxidized lower till member,
2.1 m sand, 24.1 m unoxidized lower
till member; early Pleistocene and (or)
late Pliocene Empress Group, 6.1 m silt.
The Warman Formation is missing, and
the calcic paleosol(?) may be the Prelate
Ferry paleosol (see table 2). Barendregt
and others (1998) assigned the basal silt
to the Stewart Valley sediments
Wellsch Valley site, Sask.—Three exposures

represented by a single symbol on map:

West Ridge exposure, sec. 4, T. 20. R.
14, W. 3—Late Wisconsin, 1.6 m clay and
silt; late Wisconsin Battleford Formation,
1.6 m oxidized till; early Wisconsin Floral
Formation, 12.4 m oxidized upper till
member; Illinoian Floral Formation, 4.4
m unoxidized lower till member; middle
Pleistocene Warman Formation, 0.8 m
sand, 0.8 m oxidized till, 0.6 m gravel,
2.6 m unoxidized till; early Pleistocene
Stewart Valley sediments, 3.2 m silt
and sand; early Pleistocene and (or) late
Pliocene Empress Group, 0.6 m sand
and lag gravel. The sediments of the
Battleford, Floral, and Warman Forma-
tions have normal remanent geomagnetic
polarity, and the Stewart Valley sediments
have reversed polarity (Barendregt and
others, 1998). The polarity of the basal
sediments of the Empress Group in this
section is not known. This section was
measured by E.A. Christiansen and R.W.
Barendregt; measured stratigraphic sec-
tions in Barendregt (1995) and Baren-
dregt and others (1998) differ from this
measured section

North Cliff exposure, sec. 3, T. 20,
R. 14, W. 3—Composite stratigraphic
sequence from one vertical profile in
Mahaney and Stalker (1988) and five
vertical profiles measured by E.A.
Christiansen, R.W. Barendregt, and
B.T. Schreiner. Thicknesses are from
E.A. Christiansen. Late Wisconsin,
2.0 m silt and clay; late Wisconsin
Battleford Formation, 1.2 m oxidized
till; early Wisconsin Floral Formation,

11.8 m oxidized and unoxidized upper
till member; Pleistocene, 8.1 m silt, sand,
and gravel; Illinoian Floral Formation,
17.0 m oxidized and unoxidized lower till
member; Pleistocene, 1.8 m oxidized and
unoxidized till of anomalous composition
(a glaciotectonic raft?); middle Pleistocene
Warman Formation, 0.6 m Prelate
Ferry(?) paleosol in oxidized till; middle
Pleistocene and (or) early Pleistocene,
2.8 m normal-polarity sand, silt, and clay;
early Pleistocene Mennon(?) Formation,
0.8 m paleosol(?) in intensely weathered
till, 0.6 m sand and silt, 2.0 m intensely
weathered till. Stratigraphic sections in
Barendregt (1995) and Barendregt and
others (1998) differ from this composite
section. The two intensely weathered till
units at the base of the section are referred
tentatively to the Mennon Formation,
primarily on the basis of low carbonate
content (Barendregt and others, 1998).
They may be either Dundurn Formation till
or Mennon Formation till. The apparent
normal remanent polarity of both tills
(Barendregt and others, 1998) is consistent
with the expected polarity of Dundurn
Formation tills; Mennon Formation tills
are expected to have reversed polarity.
Those two tills (of uncertain identity) in
this section are intensely weathered and
extremely oxidized (Mahaney and Stalker,
1988; Barendregt and others, 1998), and
the depositional remanent magnetization
cannot be determined with certainty

Jaw Face exposure, sec. 4, T. 20,
R. 14, W. 3—Composite stratigraphic
sequence in a slump block exposure, from
vertical profiles measured by Churcher
and Stalker (written commun., 1972), a
composite section by Stalker and Churcher
(1972) and Stalker (1976), and vertical
profiles measured by E.A. Christiansen.
Pleistocene, 1.7 m Saskatoon Group
till and lake clay and silt juxtaposed by
faulting, 1.9 m sand and silt; middle
Pleistocene normal-polarity Warman
Formation, 0.3 m oxidized till, 0.1 m
pebbly sand and silt, 0.4 m silt, 0.2 m
oxidized till, 0.1 m pebbly sand; early
Pleistocene Stewart Valley sediments, 0.3
m silt, 0.2 m reversed-polarity “Wellsch
Valley tephra,” 6.9 m reversed-polarity



silt, clay, and sand containing early
Irvingtonian vertebrate fossils and
scattered, redeposited glacial erratics;
late Pliocene, 3.0 m unnamed indurated
lag deposit and sheetwash alluvium(?)
containing late Blancan vertebrate
fossils and no redeposited glacial
erratics (remanent polarity of upper
part is reversed; polarity of lower part
has not been determined). Measured
stratigraphic sections in Churcher and
Stalker (written commun., 1972), Foster
and Stalker (1976), Barendregt (1984,
1995), and Barendregt and others (1991,
1998) differ markedly, and they all differ
from this composite section

The “Matuyama-Brunhes paleomag-
netic reversal” above the tephra (Foster
and Stalker, 1976; Barendregt, 1984,
1995; Barendregt and others, 1991) here
is interpreted to be an erosional unconfor-
mity. In one place, the paraconformity is
the upper (eroded) contact of the tephra
(Barendregt, 1984; Barendregt and others,
1991); elsewhere it probably is within the
silt unit that overlies the tephra (Foster
and Stalker, 1976). Till of the Dundurn
and Mennon Formations, present in other
exposures and test holes in the region
and representing as many as four distinct
glaciations in southern Saskatchewan,
was removed by erosion prior to deposi-
tion of the normal-polarity sediments.
The oldest normal-polarity sediments in
the measured section are significantly
younger than the Matuyama-Brunhes
paleomagnetic reversal, and the youngest
reversed-polarity sediments probably are
older than the Jaramillo Normal Polar-
ity Subchron. The lacuna includes both
normal-polarity and reversed-polarity
sediments. The “Brunhes/Matuyama
Boundary (0.78 Ma)” of Barendregt
and others (1998, fig. 8) in the Wellsch
Valley—Swift Current Creek area is a
boundary between reversed-polarity and
normal-polarity sediments; however, in
no published exposure, bore hole record,
or test hole record does that boundary
necessarily represent the Matuyama-
Brunhes paleomagnetic reversal.

Glass fission-track ages for the
Cascade Range-source “Wellsch Valley

tephra” are >630+60 ka and >690+110

ka (Westgate and others, 1978; Westgate
and Gorton, 1981). A fossil bone older
than the tephra yielded an amino acid
racemization age (measured by J.L. Bada)
of >300 ka (Barendregt and others, 1991).
Electron-spin resonance ages for a fossil
tooth older than the tephra were 148—417
ka (Schwarcz and Zymela, 1985; Zymela,
1986) and >280+35 ka (Zymela and
others, 1988), depending on the uranium-
uptake model used to calculate the age.
The fission-track, amino acid racemiza-
tion, and electron-spin resonance ages

are minimum ages; they do not date any
of the sediments. The reversed remanent
polarity indicates that the tephra and the
underlying fossiliferous Stewart Valley
sediments are older than 778 ka.

The reversed-polarity “Wellsch Valley
tephra” was expected to be either the
Lake Tapps tephra (Westgate and others,
1987) or the Rio Dell (Centerville) tephra
(Izett, 1981; Sarna-Wojcicki and others,
1987). However, electron microprobe
analysis by A.M. Sarna-Wojcicki and
instrumental neutron activation analy-
sis by J. R. Budahn indicated that the
“Wellsch Valley tephra” is a composi-
tionally distinct Cascade Range—source
tephra. A sample of the tephra, collected
by R.W. Barendregt, was submitted to the
U.S. Geological Survey Argon Geochro-
nology Laboratory in Denver, Colo.,
and to the New Mexico Geochronology
Research Laboratory in Socorro, N. Mex.
The sanidine crystals were too small for
single-crystal analysis, and the separation
consisted of more feldspar contaminants
than sanidine crystals (D.P. Miggins and
Lisa Peters, written commun., 2006).

A reliable “°Ar/*’Ar age could not be
obtained.

The Stewart Valley sediments are fill
deposits in a buried paleovalley. The
aggradation occurred subsequent to
one or more late Pliocene continental
glaciations in southern Saskatchewan and
prior to early Pleistocene (“Mennon”)
glaciation in the region. The contact
between the Stewart Valley sediments
(containing early Irvingtonian vertebrate
fossils and scattered redeposited glacial
erratics) and the unnamed indurated



basal stratigraphic unit in the Jaw Face
exposure (containing late Blancan
vertebrate fossils and no redeposited
glacial erratics) here is interpreted to be
an erosional unconformity. Late Pliocene
continental glaciation =2.15 Ma, from a
source in Manitoba and Saskatchewan,

is represented by till in South Dakota,
Minnesota, Wisconsin, lowa, Missouri,
and Nebraska. It is represented by
residual glacial deposits (erratic boulders)
in North Dakota and Montana, and

also in the Wood Mountain region of
Saskatchewan south-southeast of the
Wellsch Valley and Swift Current Creek
sections (Fullerton and others, 2004b).
The indurated basal sediments in the Jaw
Face exposure probably antedate the late
Pliocene glaciation(s).

Till of the Dundurn Formation has
been identified in one core hole and one
test hole in the Swift Current Creek area
(“Important Stratigraphic Sections,”
#13), but it has not been identified in
the Wellsch Valley area. Both of those
sections were illustrated by Barendregt
and others (1998, fig. 5), but the Dundurn
Formation till in those sections, identified
by E.A. Christiansen, apparently was
not sampled for paleomagnetic analysis.
Till of the Mennon Formation has not
been identified in the Wellsch Valley
area or the Swift Current Creek area.
The tills of the Mennon and Dundurn
Formations were deposited during the
time interval represented by the erosional
unconformity between the Stewart
Valley sediments and the Warman
Formation. Consequently, the apparent
absence of Matuyama Reversed-Polarity
Chron till is not evidence that reversed-
polarity tills were not deposited in the
Wellsch Valley—Swift Current Creek
area. The geographic distribution
of sites (test holes, core holes, and
exposures) in which till units of the
Mennon and Dundurn Formations have
been identified in the region (E.A.
Christiansen, unpublished stratigraphic
data, 1991-2002) is such that the
Wellsch Valley site was necessarily
covered by Mennon and Dundurn ice
sheets. Till of the Mennon Formation
is expected to have reversed remanent

o12

geomagnetic polarity. Barendregt and
Irving (1998) and Barendregt and others
(1998) concluded that there is no record
of Laurentide continental glaciation
on the prairies of Saskatchewan and
southern Alberta during the Matuyama
Reversed-Polarity Chron (between 2.582
Ma and 0.778 Ma). However, no till
units assigned by E.A. Christiansen to
the Mennon Formation in Saskatchewan
were sampled for paleomagnetic analysis
by Barendregt and others (1991, 1998).
Therefore, that conclusion was based on
negative evidence. Conclusive remanent
polarity data for till units of the Mennon
Formation must be obtained from samples
of unoxidized till in stratigraphic sections
in which the formation has been identified
with certainty
Wellsch Valley, Sask.—One core hole and
one test hole represented by a single
symbol on map:

U of S Eagle No. 145 Wellsch Valley
core hole, sec. 3, T. 20, R. 14, W.
3—Late Wisconsin, 3 m clay and silt;
late Wisconsin Battleford Formation, 2
m oxidized till; early Wisconsin Floral
Formation, 3 m oxidized upper till
member; Illinoian Floral Formation,

4 m oxidized lower till member, 1 m
gravel, 7 m oxidized lower till member,
1.5 m unoxidized lower till member;
middle Pleistocene Warman Formation,
2.5 m oxidized till; early Pleistocene
Stewart Valley sediments, 10.5 m silt,
4 m silt and sand. Preconsolidation
pressure and other engineering
properties of the Floral Formation till in
this core hole were published by Sauer
and others (1993a, b)

GSC Wellsch Valley test hole, sec.

3, T. 20, R. 14, W. 3—Late Wisconsin,
4.6 m clay and silt; late Wisconsin
Battleford Formation, 3.7 m oxidized
till; early Wisconsin Floral Formation,
5.8 m oxidized upper till member;
Illinoian Floral Formation, 8.2 m
oxidized lower till member, 4.0 m
unoxidized lower till member; middle
Pleistocene Warman Formation, 1.8

m unoxidized till; early Pleistocene
Stewart Valley sediments, 10.7 m

silt and sand. The Stewart Valley
sediments have reversed remanent
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geomagnetic polarity (Barendregt and
others, 1998)

Swift Current Creek, Sask.—One core

hole, one exposure, and one test hole
represented by a single symbol on map:

U of S Eagle No. 144A Swift Current
Creek core hole, sec. 10, T. 19, R. 13,
W. 3—Late Wisconsin, 1 m clay; late
Wisconsin Battleford Formation, 5 m
oxidized till; early Wisconsin Floral
Formation, 10.5 m oxidized upper till
member; Illinoian Floral Formation, 5
m sand and gravel, 7 m oxidized lower
till member, 3.5 m unoxidized lower till
member; middle Pleistocene Warman
Formation, 2.5 m silt, 6 m oxidized till;
middle Pleistocene Dundurn Forma-
tion, 5 m oxidized till; early Pleisto-
cene Stewart Valley sediments, 14 m
silt; early Pleistocene or late Pliocene
Empress Group, 1 m gravel. The
“Swift Current Creek borehole” section
in Barendregt (1995) and Barendregt
and others (1998) differs markedly
from the measured section here; till of
the Dundurn Formation was not recog-
nized by those authors

EAC Swift Current Creek exposure,
sec. 10, T. 19, R. 13, W. 3—Early
Wisconsin Floral Formation, 13.1 m
oxidized upper till member; Illinoian
Floral Formation, 1.5 m silt, 5.2 m sand
and gravel, 2.4 m interbedded till, sand,
and gravel, 14.9 m oxidized lower till
member; middle Pleistocene Warman
Formation, 3.1 m silt, 6.7 m oxidized
and unoxidized till; 3.9 m covered
interval; early Pleistocene Stewart
Valley sediments, 3.1 m silt

SRC Swift Current Creek test hole,
sec. 10, T. 19, R. 13, W. 3—Late
Wisconsin, 2.7 m clay and silt; late
Wisconsin Battleford Formation, 1.5
m oxidized till; early Wisconsin Floral
Formation, 11.9 m oxidized upper till
member, 0.3 m sand; Illinoian Floral
Formation, 9.8 m oxidized lower till
member; middle Pleistocene Warman
Formation, 3.7 m silt and sand, 4.0
m oxidized till; middle Pleistocene
Dundurn Formation, 4.3 m oxidized
till; early Pleistocene Stewart Valley
sediments, 9.8 m silt. The “Swift
Current Creek borehole” section in

Barendregt (1995) and Barendregt and
others (1998) differs markedly from
the measured section here; till of the
Dundurn Formation was not recognized
by those authors

o14  Swift Current Accreditation Hole, sec.19,

T. 15, R. 13, W. 3, Sask.—Late
Wisconsin(?), 11.3 m sand and silt;

late Wisconsin Battleford Formation,
28.4 m unoxidized till; early Wisconsin
and (or) Illinoian Floral Formation,
weathered zone in 2.4 m oxidized till,
2.7 m unoxidized till, 1.2 m sand, 1.2
m silt and clay, 3.7 m unoxidized till,
2.1 m sand, 3.7 m unoxidized till, 0.6 m
cobble gravel and sand, 1.3 m unoxi-
dized till; middle Pleistocene and (or)
early Pleistocene Sutherland Group,
weathered zone in 0.6 m marly, pebbly,
cobbly sand, weathered zone in 4.9 m
oxidized till, 0.6 m sand, 4.0 m unoxi-
dized till, 0.6 m sand, 1.8 m unoxidized
till, 0.6 m sand, 2.4 m unoxidized till,
0.6 m sand, 1.2 m unoxidized till, 5.5
m sand and silt, 1.2 m unoxidized

till; middle Pleistocene and (or) early
Pleistocene Empress Group sediments
containing scattered reworked glacial
erratics, 9.8 m sand, silt, and clay, 5.8
m gravel and sand; Pliocene(?) Empress
Group sediments devoid of reworked
glacial erratics, 4.9 m silt and sand, 4.0
m gravel, sand, and silt

Wascana Creek, Sask.—Two test holes

and one exposure represented by a
single symbol on map:

SRC Wascana Creek test hole, sec.
29, T. 18, R. 21, W. 2—Late Wisconsin,
10.7 m clay and silt; late Wisconsin
Battleford Formation, 0.8 m oxidized
till; middle Pleistocene Dundurn
Formation, 9.8 m oxidized upper till
member, 2.4 m unoxidized upper till
member, 1.2 m sand and gravel, 1.2
m oxidized lower till member, 6.7 m
unoxidized lower till member; early
Pleistocene Mennon Formation, 3.7
m sand and gravel, 5.8 m unoxidized
till; early Pleistocene or late Pliocene
Empress Group, 2.1 m silt

EAC Wascana Creek exposure
(Westgate and others, 1977; E.A.
Christiansen, written commun., 2002),
sec. 29, T. 18, R. 21, W. 2—Late



Wisconsin, 6.7 m clay and silt; late
Wisconsin Battleford Formation, 2.7 m
oxidized till; middle Pleistocene Dundurn
Formation, 0.1 m clay (deglacial pond
sediment) containing lentils of normal-
polarity Lava Creek B (“Wascana
Creek”) tephra, 5.8 m oxidized upper
till member, 10.7 m oxidized and
unoxidized upper till member. Six
fission-track ages were determined for
the tephra (Westgate and others, 1977):
four glass ages by John Boellstorff
(range 560+80 ka to 670+90 ka), one
glass age by J.A. Westgate (600+£120
ka), and one zircon age by J.A. Westgate
(680+150 ka). See table 2 for discussion
of the Lava Creek B tephra

SRC Wascana Creek test hole, sec. 28,
T. 18, R. 21, W. 2—Late Wisconsin,
8.2 m silt and clay; late Wisconsin
Battleford Formation, 1.5 m oxidized
till; middle Pleistocene Warman
Formation, 0.9 m sand, 0.9 m oxidized
till, 0.9 m gravel, 4.3 m oxidized till,
1.8 m unoxidized till; middle Pleistocene
Dundurn Formation, 1.5 m silt and clay
(stratigraphic unit that contains the Lava
Creek B tephra in the adjacent exposure),
4.3 m unoxidized upper till member,
5.2 mssilt, 1.2 m sand, 7.0 m unoxidized
lower till member; early Pleistocene
Mennon Formation, 5.2 m unoxidized
till; early Pleistocene and (or) late
Pliocene Empress Group, 18.9 m silt
and sand

16 DOE Regina No. 502 test hole, sec. 12,

T. 18, R. 20, W. 2, Sask.—Late
Wisconsin, 2.1 m clay; late Wisconsin
Battleford Formation, 2.1 m oxidized
till; late Wisconsin, 0.9 m silt, 19.5

m sand, 8.8 m sand and gravel; early
Wisconsin and (or) Illinoian Floral
Formation, 9.5 m unoxidized till, 2.1 m
silt, 10.4 m sand and gravel, 7.3 m silt
and sand; middle Pleistocene Warman
Formation, 24.1 m oxidized till; middle
Pleistocene Dundurn Formation, 5.5 m
oxidized till, 17.1 m unoxidized till, 0.6
m sand, 11.3 m unoxidized till; early
Pleistocene Mennon Formation, 6.7 m
oxidized till, 6.7 m unoxidized till.

The youngest till and the underlying
stratified sediments constitute the Condie
kame moraine

Fort Qu’Appelle, Sask.—One test hole and
one exposure represented by a single
symbol on map:

SRC Fort Qu’Appelle test hole, sec.
12, T. 21, R. 14, W. 2—Late Wisconsin
Battleford Formation, 18.3 m oxidized
and unoxidized till; early Wisconsin
Floral Formation, 5.5 m oxidized upper
till member, 25.6 m unoxidized upper
till member; Illinoian Floral Formation,
14.0 m unoxidized lower till member,
4.9 m interbedded till and sand, 2.1 m
unoxidized lower till member; middle
Pleistocene Echo Lake gravel, 9.8 m
sand and gravel; middle Pleistocene
Dundurn Formation, 0.6 m unoxidized
upper till member, 1.2 m sand and
gravel, 21.0 m interbedded till and sand,
4.0 m oxidized lower till member, 11.0
m interbedded till and sand, 4.6 m silt
and clay, 23.5 m sand, 13.0 m interbed-
ded till and sand, 1.2 m unoxidized
lower till member; early Pleistocene
and (or) late Pliocene Empress Group,
9.2 m sand

Bliss gravel pit (Christiansen, 1960,
1972a, 1991; Khan, 1970), sec. 7, T.
21, R. 13, W. 2—Type locality for Fort
Qu’Appelle vertebrate local fauna in
Echo Lake gravel. Illinoian Floral
Formation, 3.1 m lower till member;
middle Pleistocene Echo Lake gravel,
4.9 m sand containing pelecypod tests
[**C age >34,000 yr B.P. (GSC-987)],
0.3 m gravel (lag deposit), 1.2 m chan-
nel gravel containing Rancholabrean
vertebrate fossils and woody debris,
14.2 m gravel (augered interval)

SRC Fort Qu’Appelle test hole, sec. 17, T.
21, R. 13, W. 2, Sask.—Late Wiscon-
sin, 11.0 m silt and clay; late Wisconsin
Battleford Formation, 12.5 m oxidized
till; early Wisconsin Floral Formation,
4.0 m oxidized upper till member,

17.4 m unoxidized upper till member;
Illinoian Floral Formation, 34.2 m
oxidized and unoxidized lower till
member; middle Pleistocene Echo Lake
gravel, 2.7 m sand and gravel; middle
Pleistocene Dundurn Formation, 5.5 m
unoxidized till, 0.3 m sand and gravel,
3.7 m unoxidized till, 0.6 m sand and
gravel, 1.2 m unoxidized till, 3.7 m
sand and silt containing charcoal(?)



fragments, 9.8 m unoxdized till, 6.5 m
sand and silt, 3.7 m unoxidized till, 20.0
m sand, silt, and clay, 1.2 m unoxidized
till; early Pleistocene and (or) late
Pliocene Empress Group, 24.7 m sand
containing zones of wood and charcoal,
0.6 m gravel

!9 DOE Yorkton 521 test hole, sec. 26, T.

24, R. 6, W. 2, Sask.—Late Wisconsin
Battleford Formation, 3.4 m unoxidized
till; early Wisconsin Floral Formation,
12.2 m unoxidized upper till member;
Illinoian Floral Formation, 12.5 m
unoxidized lower till member; middle
Pleistocene Warman Formation, 3.0

m unoxidized till; middle Pleistocene
Dundurn Formation, 3.0 m interbedded
unoxidized till and silt, 8.2 m unoxi-
dized till, 0.3 m sand, 2.4 m unoxidized
till; early Pleistocene Mennon Forma-
tion, 5.2 m silt and sand, 1.2 m unoxi-
dized till, 3.0 m sand and silt, 1.5 m
unoxidized till.

This section illustrates the dif-
ficulty of differentiating superposed
unoxidized tills (having no weathering
zones) in test hole records and expo-
sures. The upper 31 m of unoxidized
till in this record represents four glacia-
tions. In the absence of analytical data,
all of the till units in that interval might
be inferred to be the product of a single
glaciation (some workers might infer
that all of the till units and intertill sedi-
ments in the section are late Wisconsin
in age)

020 SRC Driscol Lake test hole (Whitaker,

1965), sec. 14, T. 7, R. 13, W. 3,
Sask.—Section in a glaciotectonic
structure. Pleistocene, 7.6 m oxidized
till, 10.7 m unoxidized till, 6.1 m
gravel, 3.1 m unoxidized till, 3.1 m

silt and clay, 3.1 m sand, 1.8 m silt
and clay, 2.4 m unoxidized till, 6.1 m
oxidized till, 3.1 m sand, 1.5 m silt and
clay, 2.1 m sand, 2.4 m unoxidized till,
8.5 m oxidized till, 2.7 m silt and clay,
3.7 m unoxidized till, 4.8 m oxidized
till, 8.5 m silt and clay, 1.5 m sand, 2.1
m silt and clay, 2.1 m sand, 12.8 m silt
and clay, 4.0 m sand, 2.4 m oxidized
till, 2.4 m sand, 1.8 m oxidized till, 3.1
m unoxidized till, 1.2 m silt and clay,
1.8 m unoxidized till

021

La Fleche test hole (Whitaker, 1965), sec.

26, T.9,R. 5, W. 3, Sask.—Section in
the Thomson Lake moraine. Pleisto-
cene, 3.1 m oxidized till, 5.2 m sand, 1.2
m silt and clay, 13.4 m sand, 6.4 m silt
and clay, 3.1 m unoxidized till, 5.5 m
oxidized till, 4.0 m sand, 5.2 m unoxi-
dized till, 1.2 m silt and clay, 12.8 m
sand, 2.1 m gravel. The surface till may
record a glacial readvance to the position
of the Thomson Lake moraine (“phase
4” in table 1)

022 SRC Ettington test hole (Whitaker, 1965),

sec. 10, T. 11, R. 1, W. 3, Sask.—Sec-
tion in the Ettington moraine (“phase
6” in table 1), 1.5 m oxidized till, 3.1 m
silt and clay, 6.1 m oxidized till, 20.1 m
unoxidized till, 11.6 m oxidized till, 7.3
m silt and clay, 3.1 m sand

23 SRC Dirt Hills test hole (Christiansen

and Sauer, 1997), sec. 10, T. 11, R. 25,
W. 2, Sask.—Section through the Dirt
Hills glaciotectonic structure. Late and
middle Pleistocene Saskatoon Group, 37
m till, gravel, sand, silt, and clay; middle
Pleistocene(?) Sutherland Group, 25 m
unoxidized till; early Pleistocene and
(or) late Pliocene Empress Group, 9 m
silt, sand, and gravel; 40 m glaciotecton-
ically transported bedrock; Sutherland
Group (as above), 29 m unoxidized till;
Empress Group (as above), 5 m silt,
sand, and gravel; 45 m glaciotectonically
transported bedrock; Sutherland Group
(as above) 21 m unoxidized till; Empress
Group (as above), 6 m silt, sand, and
gravel; in-place bedrock

024 Kipling test hole (Dyck and others, 1972),

sec. 25, T. 13, R. 6, W. 2, Sask.—Pleisto-
cene, 8.2 m oxidized till, 27.5 m unoxi-
dized till, 8.5 m sand and silt, 23.8 m
unoxidized till, 3.4 m pebbly sand and
silt, 3.1 m oxidized till, 4.3 m pebbly
sand, 0.6 m unoxidized till, 4.6 m silt,
14.6 m interbedded sand, gravel, and silt,
7.9 m clay, 75.2 m sand and silt

025 SRC Radville test hole, sec. 12, T. 5,

R. 18, W. 2, Sask.—Late Wisconsin
Battleford Formation, 2.4 m oxidized
till; early Wisconsin Floral Formation,
7.0 m oxidized upper till member, 1.5
m sand and gravel, 1.5 m oxidized



and unoxidized upper till member,

1.5 m interbedded till and gravel, 5.5

m oxidized and unoxidized upper till
member; Illinoian Floral Formation,

5.2 m interbedded silt and sand, 3.0 m
unoxidized lower till member, 11.0 m
sand and silt, 6.1 m unoxidized lower till
member; middle Pleistocene Dundurn
Formation, 3.7 m oxidized till, 4.9

m unoxidized till; early Pleistocene
Mennon Formation, 10.1 m oxidized till,
5.5 m unoxidized till, 3.7 m interbedded
till, sand, and gravel, 8.5 m unoxidized
till; early Pleistocene and (or) late
Pliocene Empress Group, 13.7 m sand
and gravel

026 SRC Lake Alma test hole, sec. 28, T. 2,

R. 17, W. 2, Sask.—Pleistocene, 9.1 m
sand and gravel, 2.4 m unoxidized till,
5.5 m interbedded till and gravel, 2.4

m unoxidized till, 3.7 m gravel, 1.8 m
unoxidized till, 1.8 m interbedded till
and gravel, 11.6 m unoxidized till, 1.2
m silt, 2.1 m unoxidized till, 0.3 m sand,
0.9 m clay and silt, 1.2 m unoxidized
till, 1.2 m silt, 23.5 m unoxidized till,
3.0 m oxidized till

27 Marienthal, Sask.—Two test holes repre-

sented by a single symbol on map:

SRC Marienthal test hole, sec. 9, T. 1,
R. 12, W. 2—Late Wisconsin Battleford
Formation, 17.7 m unoxidized till;
early Wisconsin Floral Formation, 4.3
m unoxidized upper till member, 2.7 m
silt and sand; Illinoian Floral Forma-
tion, 21.0 m oxidized and unoxidized
lower till member, 0.3 m gravel, 1.8
m interbedded till and sand; middle
Pleistocene Warman Formation, 4.6 m
sand and silt, 3.0 m oxidized till, 2.7
m sand and silt, 5.7 m unoxidized till;
middle Pleistocene Dundurn Formation,
27.1 m unoxidized till; middle or early
Pleistocene Empress Group, 3.7 m sand
and gravel

SRC Marienthal test hole, sec. 4, T.

1, R. 12, W. 2—Late Wisconsin Bat-
tleford Formation, 11.0 m oxidized
and unoxidized till, 0.9 m sand, 12.8 m
unoxidized till, 1.2 m sand and silt, 1.2
m unoxidized till; early Wisconsin and
(or) Illinoian Floral Formation, 10.4

m oxidized till, 18.0 m sand and silt,

1.5 m gravel, 3.7 m unoxidized till,

0.6 m gravel, 6.9 m sand and silt, 3.7

m unoxidized till; middle Pleistocene
Dundurn Formation, 21.3 m unoxidized
till, 0.3 m sand, 0.6 m sand and silt,
18.3 m unoxidized till; early Pleisto-
cene Mennon Formation, 0.9 m silt, 4.3
m sand and gravel, 1.5 m unoxidized
till, 1.2 m gravel, 1.2 m unoxidized till,
0.6 m gravel, 2.7 m unoxidized till

028 Estevan Production Well No. 1 (Dyck and

others, 1972), sec. 5, T.4,R. 9, W. 2,
Sask.—Pleistocene, 9.8 m oxidized till,
2.1 m unoxidized till, 31.4 m bedrock
(glaciotectonic raft), 23.5 m unoxi-
dized till, 7.6 m sand and gravel, 5.8

m unoxidized till, 0.6 m gravel, 7.6

m unoxidized till, 11.9 m clay, 3.1 m
interbedded sand and clay, 4.0 m sand
and gravel, 12.2 m clay, sand, and
gravel, 22.9 m sand and gravel

SRC-1 test hole (Christiansen and
Parizek, 1961), sec. 5, T. 3, R. 10, W. 2,
Sask.—Pleistocene, 3.1 m oxidized till,
28.1 m unoxidized till, weathered zone
in 2.4 m sand containing organic zones,
6.1 m unoxidized till, 18.6 m interbed-
ded sand, silt, and clay that yielded a
14C age of 27,750+1,200 yr B.P. (S-96;
wood at 12 m depth in the unit), 3.1
m pebbly sand, 4.6 m unoxidized till,
16.5 m interbedded sand, silt, and clay,
7.6 m sand, 10.7 m interbedded sand,
silt, and clay, 6.4 m gravel and sand,
2.7 m interbedded sand, silt, and clay,
2.4 m unoxidized till, 0.9 m gravel, 1.2
m kaolinitic weathered zone in till, 0.6
m pebbly sand, >0.3 m unoxidized till.
If the *C age is reliable, glaciotectonic
stacking is indicated

030  SRC-2 test hole (Christiansen and

Parizek, 1961), sec. 22, T. 2, R. 10, W.
2, Sask.—Pleistocene, 3.4 m oxidized
till, 11.9 m unoxidized till, 0.6 m
gravel, 30.5 m unoxidized till, 23.5 m
interbedded gravel, sand, and till, 7.6
m unoxidized till, 4.6 m interbedded
clay and till, 6.4 m interbedded sand
and till, 2.7 m oxidized and unoxidized
till, 11.6 m sand and gravel, 3.3 m clay
and silt, 7.3 m pebbly sand, 5.2 m clay,
3.4 m sand, 0.6 m cobble and pebble
gravel



31 Alameda Eagle No. 146 test hole, sec. 1,
T. 5, R. 4, W. 2, Sask.—ILate Wisconsin
Battleford Formation, 6.5 m oxidized
till; early Wisconsin Floral Formation,
6.5 m oxidized upper till member, 38.0
m unoxidized upper till member; Illi-
noian Floral Formation, 4.0 m oxidized
lower till member; middle Pleistocene
Warman Formation, 5.0 m oxidized till;
middle Pleistocene Dundurn Formation,
6.0 m unoxidized till, 8.5 m sand and
gravel, 5.0 m unoxidized till, 3.0 m clay
and silt, 1.5 m gravel, 4.0 m unoxidized
till, 1.5 m gravel, 5.0 m unoxidized
till. Preconsolidation pressure data
and other engineering properties of the
Floral Formation till in the test hole
were published by Sauer and others
(1993a,b)

032 Oxbow test hole (Dyck and others, 1972),
sec. 34, T. 2, R. 2, W. 2, Sask.—Pleis-
tocene, 4.0 m sand and gravel, 3.4 m
unoxidized till, 2.4 m sand, 0.6 m
unoxidized till, 3.1 m sand, 6.1 m unoxi-
dized till, 2.4 m sand and gravel, 32.6
m unoxidized till (multiple stratigraphic
units?), 2.1 m sand and gravel, 53.4 m
unoxidized till (multiple stratigraphic
units?), 9.8 m sand and silt, 10.4 m
unoxidized till, 31.1 m sand and gravel,
0.6 m silt, 0.9 m unoxidized till, 15.9 m
sand and gravel

MONTANA

[Stratigraphic nomenclature of Fullerton and Colton (1986)
is retained here on an informal basis, with revision of the
temporal framework of the glacial deposits (see table 1).
The named (informal) tills are allostratigraphic units, not
lithostratigraphic units. The complex subsurface stratigra-
phy in the buried valley of the ancestral Missouri River in
extreme northeastern Montana has not been resolved.]
033 Loring section, sec. 28, T. 36 N., R. 30 E.,
Mont.—Stratotype for Loring till and
reference section for Markles Point till
and Perch Bay till. Late Wisconsin,
1.2 m oxidized and unoxidized Lor-
ing till; Pleistocene, 0.6 m truncated
paleosol; Illinoian, 1.7 m oxidized and
unoxidized Markles Point till; cobble
pavement; middle Pleistocene, 3.7 m
oxidized upper unit of Perch Bay till,
0.5 m paleosol (humic clay and silt),
>0.3 m oxidized lower unit of Perch
Bay till

034

o35

036
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Anderson Ranch section, sec. 5, T. 36 N.,

R. 32 E., Mont.—Late Wisconsin, 2.8
m unoxidized Loring till; 3.1 m covered
interval; Pleistocene, 1.2 m cobble and
pebble gravel (channel fill inset into
older till); Illinoian, 1.2 m unoxidized
Markles Point till; middle Pleistocene,
5.5 m oxidized Perch Bay till, 3.7 m
unoxidized till of anomalous compo-
sition [glaciotectonic raft(?)], 1.8 m
oxidized Perch Bay till

South Canal site, secs. 1 and 12, T. 31

N, R. 31 E., Mont.—Composite sec-
tion from walls of canal. Reference
exposures for Markles Point till and
Perch Bay till. Late Wisconsin, 1.2 m
oxidized and unoxidized lake silt, 0.9 m
oxidized and unoxidized Fort Assini-
boine till; Pleistocene, 1.5 m sand and
gravel replaced laterally by cobble and
pebble pavement; Illinoian, 0.9 m
oxidized and unoxidized Markles Point
till; middle Pleistocene, paleosol in
Perch Bay till replaced laterally by
boulder and cobble pavement, 2.1 m
oxidized upper unit of Perch Bay till,
paleosol in 0.3 m sand and gravel, 2.4
m oxidized lower unit of Perch Bay

till (Sturgeon Bay till of Fullerton and
Colton, 1986); middle or early Pleis-
tocene or late Pliocene, >0.3 m Wiota
Gravel

Glasgow Air Force Base site, sec. 17, T.

31 N., R. 40 E., Mont.—Reference
exposures for Markles Point till and
Perch Bay till. Composite section
from abandoned gravel pits and gullies.
Pleistocene, 0.9 m eolian sand and silt;
Illinoian, 0.9 m oxidized Markles Point
till (basal contact sharply truncates ice-
wedge casts that penetrate the underly-
ing till units); Pleistocene, 1.8 m cobble
and pebble gravel, 0.5 m truncated
paleosol; middle Pleistocene, 1.5 m
oxidized Perch Bay till, 0.3 m silt and
clay, 1.5 m oxidized Perch Bay till, 0.6
m sand and gravel, 0.4 m sand and silt,
>2.8 m oxidized Perch Bay till; middle
Pleistocene, early Pleistocene, and

(or) late Pliocene, 1.5 m truncated soil
pendants in indurated stony “calcrete”
till or colluvium, 0.3 m loess. A cobble
of pink granite from the Canadian
Shield was extracted from near the base
of the indurated till or colluvium; all



other clasts in that unit were redeposited
quartzite, argillite, and chert derived
from Miocene gravel exposed nearby

37 Poplar section, sec. 1, T. 27 N.,R. 50 E.,
Mont.—Reference section for Crazy
Horse till, Markles Point till, and Archer
till. Holocene and (or) late Wiscon-
sin, 0.6 m pebbly sand and silt; late
Wisconsin, 1.2 m oxidized and unoxi-
dized Crazy Horse till; Illinoian, 2.1
m oxidized Markles Point till; middle
Pleistocene, >3.1 m oxidized upper unit
of Archer till

038 MBMG drill hole 85-18 (Donovan and
Bergantino, 1987), sec. 6, T. 28 N., R.
52 E., Mont.—Late Wisconsin, 0.6 m
gravel, 2.5 m unoxidized Crazy Horse
till; Pleistocene, 0.3 m gravel; middle
Pleistocene, 5.8 m oxidized Archer till,
1.8 m oxidized and unoxidized clay
and silt, 1.5 m oxidized Archer till,
6.1 m oxidized and unoxidized Sprole
Silt; middle or early Pleistocene, 8.2 m
Wiota Gravel. The two units of Archer
till may represent two glaciations

039 MBMG drill hole 85-21-A (Donovan and
Bergantino, 1987), sec. 30, T. 28 N., R.
52 E., Mont.—Holocene, 3.1 m oxidized
sheetwash alluvium(?); Pleistocene,
0.6 m sand and gravel; [llinoian, 2.5 m
oxidized Markles Point till; Pleistocene,
0.6 m oxidized and unoxidized silt and

sand; middle Pleistocene, 4.9 m oxidized

Archer till, 12.2 m oxidized sand, silt,
and clay, 1.8 m oxidized and unoxidized
Archer till, 6.1 m unoxidized clay, 1.5 m
interbedded unoxidized Archer till, clay,
silt, and sand, 15.9 m unoxidized Sprole
Silt; middle or early Pleistocene, 2.7 m
Wiota Gravel. The two units of Archer
till may represent two glaciations

040 Two drill holes (Donovan and Bergantino,
1987) represented by a single symbol on
map:

MBMG drill hole 84-28A, sec. 35, T.
29 N., R. 52 E., Mont.—Late Wisconsin,
4.9 m oxidized and unoxidized Crazy
Horse till; Pleistocene, 0.6 m oxidized
and unoxidized clay; Illinoian, 1.8 m
oxidized Markles Point till; middle
Pleistocene, 5.2 m oxidized and unoxi-
dized clay, 5.5 m unoxidized Archer till,
0.6 m unoxidized clay and silt, 2.6 m
unoxidized Archer till; middle or early
Pleistocene, 1.5 m Wiota Gravel

041

042

043

ol4

MBMG drill hole 84-30A, sec. 6, T.
28 N., R. 53 E., Mont.—Holocene and
(or) late Wisconsin, 2.5 m sand; late
Wisconsin, 5.3 m oxidized and unoxi-
dized Crazy Horse till; Pleistocene,
1.5 m sand and gravel, 0.3 m peat;
Illinoian, 6.4 m unoxidized Markles
Point till; middle Pleistocene, 0.9 m
peat, clay, and sand; 4.3 m unoxidized
Archer till, 1.1 m unoxidized clay, 2.0
m unoxidized Archer till, 3.1 m sand;
middle or early Pleistocene, 1.7 m
Wiota Gravel

MBMG drill hole 83—-1 (Donovan and
Bergantino, 1987), sec. 1, T. 29 N.,
R. 53 E., Mont.—Section in a buried
glaciotectonic structure. Pleistocene,
2.4 m oxidized till, 3.7 m oxidized till
(different till), 6.7 m unoxidized till,
7.0 m unoxidized sand, 0.6 m Wiota
Gravel, 4.1 m bedrock, 3.2 m unoxi-
dized till, 2.1 m unoxidized clay, 1.2 m
bedrock or sand, 12.8 m bedrock, 12.8
m unoxidized till

MBMG drill hole 83—4A (Donovan and
Bergantino, 1987), sec. 16, T. 30 N.,
R. 55 E., Mont.—Section in a buried
glaciotectonic structure. Pleistocene,
5.5 m sand, 0.3 m “coal” (bedrock?),
3.4 m sand, 3.1 m gravel and sand, 4.6
m oxidized sand. 3.7 m oxidized till,
0.9 m “coal” (bedrock?), 2.1 m sand,
1.5 m gravel and sand, 2.4 m sand, 4.3
m bedrock, 8.8 m sand and gravel, 5.6
m bedrock, 3.8 m gravel

USGS Medicine Lake test hole (Swenson,
1955), sec. 28, T.31 N.,R. 56 E.,
Mont.—Section in a buried glacio-
tectonic structure. Pleistocene, 1.5 m
gravel, 15.8 m oxidized and unoxidized
till, 3.7 m sand and clay, 2.7 m unoxi-
dized till, 3.3 m bedrock, 1.5 m oxi-
dized till, 24.1 m unoxidized clay, 4.3
m unoxidized till, 0.9 m boulder gravel,
18.0 m unoxidized till, 2.4 m boulder
gravel, 5.8 m interbedded unoxidized
till and gravel, 20.7 m bedrock, 4.0 m
oxidized and unoxidized till

Kisler Butte section, sec. 10, T. 34 N,

R. 54 E., Mont.—Reference section
for Crazy Horse till, Kisler Butte till,
and Archer till. Holocene and (or)
late Wisconsin, 0.3 m eolian sand and
silt; late Wisconsin, 1.8 m oxidized



and unoxidized Crazy Horse till;
Illinoian, 0.9 m oxidized Kisler Butte
till, pavement of cobbles and boulders,
1.4 m oxidized and unoxidized Kisler
Butte till; middle Pleistocene, cobble
and boulder pavement; 0.8 m oxidized
lacustrine sand and silt, 1.8 m gravel,
3.7 m oxidized Archer till, 1.8 m gravel

NORTH DAKOTA

[Formal stratigraphic nomenclature from stratigraphic
sections farther east (Ulmer and Sackreiter, 1973; Hobbs
and Bluemle, 1987) has not been extended to the region
north of the Missouri River in the North Dakota portion of
the Regina 4° x 6° quadrangle. The complex subsurface
stratigraphy in the buried valleys of the ancestral Missouri,
Yellowstone, and Little Missouri Rivers (recorded in many
of the stratigraphic sections) has not been resolved. Most
of the test-hole sections probably are more complex than
is indicated in the logs. The complexity of the subsurface
stratigraphy indicates that till units of middle Pleistocene
and early Pleistocene age, identified in adjacent Saskatch-
ewan, also are present in northwestern North Dakota.]

045 USGS test hole 3026 (Armstrong, 1965),
sec. 2, T. 160 N., R. 103 W., N.
Dak.—Pleistocene, 10.7 m oxidized and
unoxidized till, 8.2 m unoxidized till,
3.0 m gravel, 3.0 m unoxidized clay,
12.2 m sand and gravel, 5.5 m unoxi-
dized till, 4.9 m unoxidized silt, clay,
and sand, 2.1 m unoxidized till, 7.9 m
organic(?) silt, 13.4 m unoxidized till,
42.7 m unoxidized silt, clay, and sand,
0.7 m gravel, 2.7 m unoxidized silt and
clay, 0.9 m Wiota Gravel

@46 USGS test hole 3005 (Armstrong, 1965),
sec. 18, T. 160 N., R. 102 W., N.
Dak.—Holocene or Pleistocene, 1.8 m
gravel; Pleistocene, 2.4 m oxidized till,
2.1 m oxidized and unoxidized till, 3.7
m unoxidized till, 3.4 m gravel, 4.3 m
unoxidized silt and clay, 6.7 m unoxi-
dized sand and silt, 0.9 m boulders, 0.9
m unoxidized silt, 4.3 m unoxidized
till, 0.7 m sand, 1.2 m organic(?) silt
(slough or swamp deposit?), 0.7 m sand
and gravel, 19.8 m unoxidized till, 4.0
m unoxidized silt and clay, 0.1 m sand
and gravel, 11.9 m organic(?) silt, 6.7 m
Wiota Gravel

o47 USGS test hole 3028 (Armstrong,

1965), sec. 3, T. 160 N., R. 102 W.,
N. Dak.—Pleistocene, 7.9 m oxidized
till, 4.3 m unoxidized till, 18.9 m
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unoxidized till (different till), 1.2 m
gravel, 8.5 m unoxidized till, 5.5 m
oxidized and unoxidized till, 0.6 m
gravel, 40.6 m unoxidized till (multiple
stratigraphic units?), 0.9 m gravel and
sand containing wood fragments, 5.5
m unoxidized silt, 13.4 m bedrock
(glaciotectonic raft), 5.2 m sand and
silt, 3.7 m Wiota Gravel

048 USGS test hole 2248 (Armstrong, 1965),
sec. 9, T. 161 N.,R. 102 W., N.
Dak.—Section in glaciotectonic struc-
ture. Holocene or Pleistocene, 1.2 m
gravel; Pleistocene, 9.4 m oxidized till,
135.6 m bedrock (glaciotectonic raft),
1.5 m gravel, 15.6 m unoxidized clay,
bedrock, and till

49 USGS test hole 3004 (Armstrong, 1965),
sec. 35, T. 161 N., R. 101 W., N.
Dak.—Holocene or Pleistocene, 3.1
m gravel and sand; Pleistocene, 6.1 m
unoxidized till, 1.5 m oxidized till, 5.5
m unoxidized till, 8.2 m silt and clay
containing organic zones, 0.3 m gravel,
0.6 m bedrock (glaciotectonic raft), 2.7
m unoxidized till

o500  USGS Fortuna test hole 3075 (Arm-
strong, 1965), sec. 35, T. 163 N., R.
101 W., N. Dak.—Pleistocene, 9.8 m
oxidized till, 4.6 m unoxidized till,

7.6 m sand, 1.2 m unoxidized till, 4.3
m sand and silt, 3.0 m interbedded
unoxidized till, gravel, and sand, 18.3
m interbedded unoxidized sand, silt,
and clay, 9.1 m unoxidized clay and
silt, 4.0 m unoxidized till, 2.7 m sand
and gravel, 0.7 m unoxidized till, 7.6 m
sand, 28.0 m unoxidized till (multiple
stratigraphic units?), 2.7 m sand, 89.0
m unoxidized till (multiple stratigraphic
units?)

USGS Colgan test hole 3076 (Armstrong,
1965), sec. 13, T. 163 N., R. 100 W.,
N. Dak.—Pleistocene, 13.7 m oxidized
and unoxidized till, 8.5 m unoxidized
till, 2.1 m gravel and sand, 18.3 m
unoxidized till, 4.5 m gravel and sand,
7.6 m unoxidized till, 13.1 m interbed-
ded unoxidized till, gravel, and sand,
50.9 m unoxidized till (multiple strati-
graphic units?)

b1

o522 Two test holes (Armstrong, 1965) repre-
sented by a single symbol on map:



USGS test hole 3019, sec. 4, T.
163 N., R. 97 W., N. Dak.—Holocene
or Pleistocene, 0.6 m gravel; Pleisto-
cene, 1.2 m oxidized till, 0.7 m gravel
and sand, 1.2 m oxidized and unoxi-
dized till, 10.3 m unoxidized till, 4.0
m oxidized and unoxidized till, 1.5 m
gravel and sand, 22.9 m oxidized and
unoxidized till, 9.4 m unoxidized till
(different till?), 3.7 m gravel, 0.7 m
unoxidized till, 0.7 m unoxidized silt
and sand, 1.8 m gravel and sand

USGS test hole 3024, sec. 3, T. 163
N., R. 97 W., N. Dak.—Holocene
or Pleistocene, 6.1 m gravel, 3.1 m
unoxidized silt; Pleistocene, 5.8 m
unoxidized till, 8.8 m oxidized till, 6.7
m oxidized and unoxidized till, 0.6 m
gravel, 12.2 m oxidized till, 2.1 m oxi-
dized silt, 2.7 m gravel, 6.7 m oxidized
and unoxidized till, 3.1 m oxidized silt,
0.6 m oxidized till, 0.1 m gravel, 2.4
m oxidized till, 23.5 m unoxidized till,
21.4 m unoxidized sand and silt, 8.8 m
unoxidized till, 1.8 m gravel

#53 USGS Crosby test hole 3017 (Armstrong,

1965), sec. 30, T. 163 N., R. 97 W., N.
Dak.—Holocene or Pleistocene, 3.7

m gravel; Pleistocene, 0.3 m oxidized
till, 3.4 m unoxidized till, 1.2 m sand,
gravel, and clay, 6.7 m unoxidized till,
18.3 m oxidized and unoxidized till, 6.1
m unoxidized clay, 4.9 m unoxidized
till, 4.3 m sand, 3.1 m organic silt, 9.2 m
unoxidized till

e54 Two test holes (Armstrong, 1965) repre-

sented by a single symbol on map:
NDWTC test hole 1530, sec. 19,
T. 162 N.,R. 97 W., N. Dak.—
Pleistocene, 5.8 m oxidized till, 9.4
m oxidized till (different till), 6.1 m
unoxidized till, 2.4 m silt and sand,
0.6 m gravel, 2.4 m silt or sand, 4.3
m unoxidized till, 3.7 m gravel, 5.8 m
unoxidized till, 4.9 m gravel, 4.3 m
unoxidized till, 62.4 m unoxidized till
(different till; multiple stratigraphic
units?), 5.5 m gravel and sand, 1.8 m
indurated boulder gravel
USGS Test hole 3089, sec. 25, T. 162
N., R. 98 W., N. Dak.—Holocene and
(or) Pleistocene, 9.1 m oxidized silt
and sand; Pleistocene, 9.8 m oxidized
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till, 15.8 m unoxidized till, 4.9 m sand,
10.1 m unoxidized till, 20.4 m unoxi-
dized silt, 3.0 m unoxidized till, 6.1 m
gravel, 46.0 m unoxidized till (multiple
stratigraphic units?), 13.1 m unoxidized
silt and sand

#5955  USGS test hole 3033 (Armstrong, 1965),

sec. 33, T. 161 N., R. 99 W., N. Dak.—
Pleistocene, 2.7 m oxidized till, 1.5 m
oxidized gravel, 4.6 m unoxidized till,
2.4 m oxidized till, 2.1 m interbed-

ded till, sand, and gravel, 35.7 m till,
silt, and sand, 8.5 m unoxidized till,
9.2 m unoxidized silt, 6.7 m unoxi-
dized sand, 20.7 m clay, silt, and sand
containing fragments of wood, 39.7 m
bedrock(glaciotectonic raft), 17.1 m till,
3.7 m unoxidized silt, sand, and clay

o956 USGS test hole 3016 (Armstrong, 1965),

sec. 3, T. 160 N., R. 99 W., N. Dak.—
Holocene and (or) Pleistocene, 0.9 m
silt; Pleistocene, 2.1 m oxidized till, 4.0
m oxidized and unoxidized till (differ-
ent till), 3.1 m unoxidized silt and sand,
9.8 m unoxidized till, 6.1 m bedrock
(glaciotectonic raft), 1.5 m unoxidized
till, 16.8 m sand, 13.7 m unoxidized till,
16.2 m unoxidized sand and silt, 2.1 m
sand and gravel, 3.4 m unoxidized silt
and sand, 2.7 m sand and gravel, 9.5

m unoxidized till, 19.5 m gravel, 1.2

m bedrock (glaciotectonic raft), 6.4

m gravel, 3.4 m unoxidized till, 3.1 m
gravel, 9.5 m clay, 14.3 m gravel, 16.8
m unoxidized till and blocks of bed-
rock, 1.5 m gravel, 1.2 m silt

e57 Appam test hole (Armstrong, 1967), sec.

23, T. 159 N, R. 100 W., N. Dak.—
Pleistocene, 11.6 m oxidized and unoxi-
dized till, 9.2 m gravel, 1.5 m oxidized
and unoxidized till, 25.3 m unoxidized
till, 3.4 m unoxidized clay, 2.7 m
unoxidized till, 17.1 m gravel, 18.0 m
unoxidized till, 3.4 m unoxidized clay,
19.5 m unoxidized till

#58 USGS test hole 3002 (Armstrong, 1965),

sec. 13, T. 160 N., R. 97 W., N.
Dak.—Holocene and (or) Pleistocene,
13.1 m oxidized and unoxidized sand
and silt; 1.8 m unoxidized till, 2.1 m
unoxidized silt, 6.1 m sand and gravel,
8.2 m unoxidized till, 0.9 m gravel,
2.1 m unoxidized till, 2.1 m organic
silt containing mollusc tests, 5.2 m



oxidized till (middle Pleistocene Medi-
cine Hill Fm?)

o959 USGS Wildrose test hole 3003 (Arm-

strong, 1965), sec. 36, T. 160 N., R. 97
W., N. Dak.—Holocene and (or) Pleis-
tocene, 9.8 m oxidized and unoxidized
clay, silt, and sand; Pleistocene, 13.4
m unoxidized till, 6.1 m gravel, 7.0

m unoxidized till, 0.6 m gravel, 5.5 m
unoxidized till, 0.6 m unoxidized silt,
0.9 m gravel, 1.2 m unoxidized till, 0.3
m gravel, 4.9 m unoxidized till, 0.3 m
gravel, 23.2 m unoxidized till, 13.4 m
unoxidized sand and silt, 1.8 m “Wiota
gravel.” The clast composition of the
“Wiota gravel” in the buried Yellow-
stone River valley differs from that of
the Wiota Gravel in the buried Missouri
River valley (Howard, 1960). The
“Wiota gravel” here is the Cartwright
Gravel of Howard (1960)

060 Test hole (Armstrong, 1967), sec 7, T. 158

N., R. 98 W., N. Dak.—Pleistocene,
12.5 m oxidized and unoxidized till, 4.3
m unoxidized till, 14.0 m sand and clay,
4.6 m unoxidized till, 3.4 m unoxidized
silt, 1.5 m oxidized clay, 13.7 m oxi-
dized till (middle Pleistocene Medicine
Hill Formation?), 9.4 m unoxidized till,
3.4 m interbedded till and gravel, 4.3 m
gravel and sand, 5.2 m unoxidized clay,
7.3 m sand and gravel, 5.5 m unoxi-
dized till, 7.3 m gravel

Test hole 3304 (Armstrong, 1967), sec.
22, T. 158 N., R. 97 W., N. Dak.—
Holocene or Pleistocene, 1.5 m gravel;
Pleistocene, 2.7 m oxidized till, 12.8
m oxidized till (different till), 4.6 m
unoxidized sand, 3.7 m unoxidized till,
8.8 m interbedded unoxidized till and
gravel, 14.9 m unoxidized till, 4.0 m
sand and gravel

062 Test hole (Armstrong, 1967), sec. 3, T.

157 N., R. 97 W., N. Dak.—Holocene
or Pleistocene, 0.6 m sand; Pleistocene,
3.7 m oxidized till, 3.0 m oxidized till
(different till), 4.6 m unoxidized clay,
1.5 m unoxidized sand, 2.1 m oxidized
till, 8.5 m unoxidized clay, 19.2 m
unoxidized till, 12.8 m sand

063 Test hole (Armstrong, 1967), sec.

21, T. 157 N.,R. 97 W., N. Dak.—
Pleistocene, 6.4 m oxidized and
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unoxidized till, 5.5 m unoxidized silt,
3.0 m unoxidized clay, 17.7 m oxidized
and unoxidized till, 0.9 m gravel, 5.8

m unoxidized till, 0.9 m gravel, 1.8 m
unoxidized till, 21.0 m sand and gravel

NDSWC well T48W (North Dakota

State Water Conservation Commis-
sion, unpub. data, 1996), sec. 1, T. 155
N., R. 97 W., N. Dak.—Pleistocene,
1.8 m oxidized till, 9.4 m oxidized till
(different till), 7.9 m sand and gravel,
1.5 m oxidized till, 1.5 m gravel, 3.0 m
oxidized till, 5.5 m gravel and sand

Two test holes (Armstrong, 1969) repre-

sented by a single symbol on map:

NDSWC Columbus test hole, sec.
19, T. 163 N., R. 93 W., N. Dak.—Pleis-
tocene, 3.4 m oxidized till, 28.4 m
unoxidized till (multiple stratigraphic
units?), 0.6 m sand, 8.2 m unoxidized
till, 55.2 m unoxidized clay, silt, and
sand, 11.0 m unoxidized till, 1.5 m
gravel, 7.3 m unoxidized till, 20.7 m
oxidized and unoxidized till

USGS Columbus test hole, sec. 20, T.
163 N, R. 93 W. N. Dak.—Pleistocene,
9.6 m oxidized till, 3.0 m gravel, 2.4
m oxidized clay and silt, 5.5 m gravel,
15.6 m unoxidized till, 4.9 m unoxi-
dized silt, 1.5 m gravel, 1.8 m silt and
sand, 4.9 m sand, 11.3 m unoxidized
till, 0.9 m gravel, 7.9 m unoxidized clay,
1.2 m gravel, 2.1 m clay and sand, 2.1
m sand and boulders, 2.7 m gravel, 7.3
m unoxidized till, 5.5 m unoxidized till
containing inclusions of organic mate-
rial, 16.8 m unoxidized organic clay
(swamp deposit?) (also see “Important
Stratigraphic Sections,” #80), 7.9 m
sand and pebbly sand, 1.2 m unoxidized
clay, silt, and sand, 11.3 m gravel, 4.3 m
sand, 14.9 m gravel

USGS Portal test hole (Armstrong, 1969),

sec. 14, T. 163 N., R. 92 W., N. Dak.—
Pleistocene, 2.4 m oxidized till, 15.2

m oxidized and unoxidized till, 12.2 m
unoxidized till, 2.4 m unoxidized silt
and clay, 18.3 m unoxidized till, 21.6

m unoxidized clay and silt contain-

ing lenses of sand and gravel, 12.8 m
unoxidized till, 3.4 m unoxidized clay,
14.0 m unoxidized till, 2.4 m gravel, 7.6
m unoxidized till



067 USGS Portal test hole (Armstrong, 1969),
sec. 4, T.163 N., R. 91 W., N. Dak.—
Pleistocene, 0.9 m oxidized till, 5.8 m
oxidized till, 0.9 m unoxidized organic
clay and silt (slough or marsh deposit),
2.1 m oxidized sand, 8.5 m unoxidized
till, 9.1 m unoxidized till, 22.3 m
unoxidized till, 6.4 m unoxidized till
(four different tills), 1.5 m gravel, 1.8
m unoxidized clay, silt, and sand, 1.2
m gravel, 14.3 m unoxidized till, 7.0 m
unoxidized sand, 1.8 m unoxidized silt,
24.7 m unoxidized till, 4.9 m gravelly
sand, 11.0 m sandy clay and clay con-
taining lenses of sand and gravel, 2.1
m oxidized and unoxidized sand, 1.2 m
sandy clay, 3.4 m unoxidized till, 1.5 m
cobbles and boulders

068 USGS Flaxton test hole (Armstrong,
1969), sec. 30, T. 163 N., R. 90 W., N.
Dak.—Pleistocene, 4.9 m oxidized till,
3.4 m oxidized till (two different tills),
21.0 m unoxidized till, 1.8 m gravel,
2.1 m unoxidized till, 0.9 m gravel, 3.7
m unoxidized silt, sand, and clay, 1.8 m
cobble gravel, 6.7 m unoxidized till, 1.5
m unoxidized sand, 12.2 m unoxidized
till

069 USGS test hole (Armstrong, 1969), sec.
10, T. 161 N., R. 93 W., N. Dak.—
Pleistocene, 2.1 m oxidized till, 3.4 m
oxidized till (two different tills), 0.9
m gravel, 3.7 m oxidized till, 13.4 m
unoxidized till, 16.2 m gravel, 11.9 m
unoxidized till, 1.5 m gravel, 15.2 m
unoxidized till

o/0 USGS test hole (Armstrong, 1969), sec.
35, T. 161 N.,R. 92 W., N. Dak.—
Holocene or Pleistocene, 9.6 m gravel;
Pleistocene, 6.1 m unoxidized till, 0.6
m gravel, 1.8 m unoxidized till, 0.9 m
gravel, 2.7 m unoxidized till, 3.0 m
gravel, 10.4 m sand, 6.1 m oxidized till,
1.8 m unoxidized clay, 2.1 m unoxi-
dized till, 0.9 m gravel

e/1 NDSWC Petella test hole (Armstrong,
1969), sec. 8, T. 162 N., R. 89 W.,

N. Dak.—Holocene or Pleistocene,

0.9 m sandy clay; Pleistocene, 3.0 m
oxidized till, 7.3 m unoxidized till,

3.7 m gravel, 52.1 m unoxidized till
(multiple stratigraphic units?), 3.4 m
unoxidized sand, 6.7 m unoxidized till,
3.4 m oxidized till, 22.0 m unoxidized

o72

o73

o/4

o75

till, 2.4 m oxidized till, 19.8 m oxidized
and unoxidized till

USGS test hole (Armstrong, 1969), sec.
36, T. 163 N, R. 89 W., N. Dak.—Holo-
cene or Pleistocene, 3.0 m sand;
Pleistocene, 5.8 m oxidized till, 3.7
m oxidized and unoxidized till (dif-
ferent till), 2.1 m unoxidized sand,
5.5 m unoxidized till, 3.7 m sand and
gravel, 58.8 m unoxidized till (multiple
stratigraphic units?), 1.5 m gravel, 11.3
m unoxidized till, 1.2 m sand, 7.6 m
unoxidized till, 2.4 m unoxidized clay,
4.9 m unoxidized, interbedded silt and
clay, 7.3 m unoxidized silt and sand

USGS test hole (Armstrong, 1969), sec.
25, T. 162 N, R. 89 W., N. Dak.—Pleis-
tocene, 10.1 m oxidized and unoxidized
till, 0.6 m gravel, 5.5 m oxidized till,
6.7 m unoxidized till, 3.4 m bedrock
(glaciotectonic raft), 4.0 m unoxidized
till, 1.2 m gravel, 0.9 m sand, 4.6 m
unoxidized till

NDSWC test hole (Armstrong, 1969),
sec. 31, T. 162 N., R. 88 W., N.
Dak.—Holocene or Pleistocene, 0.6 m
oxidized and unoxidized sandy clay;
Pleistocene, 2.1 m oxidized till, 3.7
m sand, 18.9 m unoxidized till, 3.4 m
oxidized till, 11.6 m unoxidized till, 0.9
m gravel, 6.7 m unoxidized till, 7.6 m
gravel and boulders, 6.7 m oxidized till,
29.0 m unoxidized till

USGS Bowbells test hole (Armstrong,
1969), sec. 13, T. 161 N., R. 90 W., N.
Dak.—Holocene or Pleistocene, 2.4 m
silt; Pleistocene, 3.0 m sand and gravel,
4.3 m oxidized and unoxidized clay and
silt, 2.7 m unoxidized till, 2.1 m gravel,
2.7 m unoxidized clay and silt contain-
ing lenses of gravel, 2.4 m unoxidized
till, 2.4 m sand, 14.9 m alternating beds
of gravel and unoxidized clay (some
or all of the clay may be till), 12.2 m
alternating beds of sand and clay, 4.9 m
alternating beds of gravel and clay, 4.6
m alternating beds of sand and clay, 9.6
m alternating beds of silt and sand con-
taining carbonaceous material, 17.5 m
unoxidized till, 3.0 m unoxidized clay,
6.1 m alternating beds of unoxidized
sand and silt, 3.7 m sand, 5.5 m gravel,
2.7 m unoxidized clay, 1.2 m sand, 1.8
m lignite and 11.0 m other bedrock



o76

o77

o78

(glaciotectonic raft), 18.9 m sand and
(or) silt, 2.1 m clay, 9.6 m sand and
(or) silt, 1.8 m gravel, 1.5 m sand, 0.9
m clay, 1.5 m sand

NDSWC Bowbells test hole (Armstrong,
1969), sec. 16, T. 161 N., R. 89 W., N.
Dak.—Holocene or Pleistocene, 1.2
m oxidized clay; Pleistocene, 5.2 m
oxidized till, 3.7 m sand, 0.6 m sand
and gravel, 7.6 m unoxidized till, 1.2
m gravel, 4.6 m unoxidized till, 4.6 m
sand and gravel, 1.5 m unoxidized till,
2.7 m sand and gravel, >21.3 m unoxi-
dized till (multiple stratigraphic units?)

o79

Two test holes (Pettyjohn, 1968) repre- 80

sented by a single symbol on map:

USGS Kenmare test hole 3335,
sec. 19, T. 160 N., R. 88 W., N.
Dak.—Pleistocene, 10.1 m oxidized
(and unoxidized?) till, 2.1 m sand, 1.8
m oxidized till, 30.8 m unoxidized till
(multiple stratigraphic units?), 22.9 m
unoxidized till and interbedded till and
gravel, 7.0 m interbedded unoxidized
till and sand, 1.5 m sand, 1.5 m unoxi-
dized till, 2.1 m sand, 0.9 m unoxidized
till, 2.4 m sand, 7.9 m unoxidized
till, 3.4 m sand, 10.1 m interbedded
gravel and clay, 3.4 m unoxidized till,
2.8 m gravel, 4.9 m oxidized till, 9.5
m oxidized till (different till?), 7.0 m
unoxidized till

USGS test hole 3341, sec. 19, T. 160
N., R. 88 E., N. Dak.—Holocene or
Pleistocene, 2.1 m sand; Pleistocene,
3.0 m oxidized till, 20.1 m unoxidized
till, 1.2 m gravel, 9.1 m sand, 1.8 m
oxidized till, 4.9 m sand and gravel,
10.1 m unoxidized till, 3.0 m gravel,
19.8 m unoxidized till, 6.1 m sand, 0.6
m silt and clay, 3.0 m sand, >12.5 m
gravel and boulders

081

USGS test hole (Armstrong, 1969), sec.

13, T. 160 N., R. 91 W, N. Dak.—
Pleistocene, 1.2 m oxidized till, 5.8

m oxidized silty clay and sandy clay,
7.0 m oxidized till, 6.4 m unoxidized
till, 4.3 m sand, 8.8 m unoxidized till,
1.2 m sand, 14.9 m unoxidized till, 2.7
m sand, 7.0 m unoxidized till, 14.3 m
sand and gravel, 5.5 m unoxidized silty
clay and sandy clay, 1.2 m sand, 1.5 m
unoxidized silty clay, 8.5 m unoxidized
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till, 3.4 m gravel, 1.2 m marl(?), 10.4 m
gravelly sand, 4.0 m gravel, boulder at
base
USGS Powers Lake test hole (Armstrong,
1969), sec. 2, T. 158 N., R. 93 W, N.
Dak.—Holocene and (or) Pleistocene,
1.2 m oxidized silt; Pleistocene, 4.9 m
oxidized till, 5.5 m oxidized till (differ-
ent till), 4.0 m gravel, 3.4 m truncated
calcic paleosol(?) in oxidized till (also
see “Important Stratigraphic Sections,”
#82), 8.5 m unoxidized till, 5.2 m
unoxidized silt and sand, 1.8 m unoxi-
dized silt and clay, 1.5 m gravel
USGS Cottonwood Lake test hole (Arm-
strong, 1969), sec. 16, T. 157 N., R. 92
W., N. Dak.—Holocene or Pleistocene,
6.1 m oxidized clayey, gravelly silt, 3.0
m gravel; Pleistocene, 26.8 m unoxi-
dized till (multiple stratigraphic units?),
28.4 m organic clay that has a strong
odor (swamp deposit) (also see “Impor-
tant Stratigraphic Sections,” #65), 26.5
m unoxidized till (multiple stratigraphic
units?), 2.4 m bedrock inclusions and
unoxidized till, 4.9 m unoxidized till
USGS Stanley test hole (Armstrong,
1969), sec. 23, T. 156 N., R. 92 W., N.
Dak.—Pleistocene, 9.1 m oxidized till,
1.2 m sand, 5.2 m gravel, 1.5 m unoxi-
dized till, 3.4 m gravel, 2.1 m oxidized
and unoxidized till, 1.5 m oxidized sand
containing carbonaceous zones, 1.5 m
humic clay paleosol containing frag-
ments of wood (also see “Important
Stratigraphic Sections,” #83), 4.9 m
unoxidized till, 2.1 m oxidized till, 11.0
m oxidized and unoxidized till
Three test holes (Armstrong, 1969) repre-
sented by a single symbol on map:
USGS test hole, sec. 5, T. 156 N.,
R. 91 W., N. Dak.—Pleistocene, 7.9
m oxidized and unoxidized till, 3.7 m
oxidized till, 3.7 m oxidized till (differ-
ent till), 13.7 m unoxidized till, 5.5 m
truncated calcic paleosol(?) in oxidized
till (also see “Important Stratigraphic
Sections,” #79), 7.0 m unoxidized till,
0.6 m bedrock (glaciotectonic raft), 15.9
m unoxidized till
USGS test hole, sec. 5, T. 156 N.,
R. 91 W., N. Dak.—Pleistocene, 3.7
m oxidized till, 3.4 m unoxidized till,
10.7 m unoxidized interbedded silt and



sandy clay, 5.5 m unoxidized till, 2.1
m unoxidized sand, 10.4 m unoxidized
till, 3.4 m unoxidized silty clay, 17.1
m unoxidized till, 5.5 m gravel, 47.0 m
unoxidized till (multiple stratigraphic
units?)

USGS testhole, sec. 10, T. 156 N.,
R. 91 W., N. Dak.—Pleistocene, 1.8
m oxidized till, 14.3 m oxidized silt
and sand, 5.5 m unoxidized sand, silt,
and clay, 2.1 m unoxidized clay, 8.9 m
unoxidized clay, silt, and sand, 1.8 m
sand, 5.2 m gravel, 3.7 m unoxidized
till, 34.5 m unoxidized till (multiple
stratigraphic units?), 11.0 m unoxi-
dized till, 3.4 m unoxidized sand, 1.5
m unoxidized till, 3.0 m sand and gravel

033  USGS test hole (Armstrong, 1969), sec.

3, T.155N.,R. 90 W., N. Dak.
Pleistocene, 2.7 m oxidized till, 10.7

17

m oxidized till, 51.5 m unoxidized till
containing a horizon of peaty clay,
roots, and small fragments of wood (a
paleosol between two till units) (also
see “Important Stratigraphic Sections,”
#81), 2.1 m sand

034 USGS test hole (Armstrong, 1969), sec.

35

15, T. 154 N, R. 89 W., N. Dak.—
Pleistocene, 11.3 m oxidized till, 3.0
m unoxidized till, 1.5 m gravel, 2.1 m
unoxidized till, 1.5 m bedrock (glacio-
tectonic raft), 1.8 m unoxidized sand,
2.7 m gravel

USGS test hole (Armstrong, 1969),
sec. 7, T. 153 N., R. 70 W., N. Dak.—
Pleistocene, 4.3 m oxidized till, 5.2

m oxidized till, 2.1 m gravel, 6.1 m
oxidized till, 7.6 m unoxidized till, 1.5
m gravel, 8.6 m bedrock (glaciotectonic
raft), 28.1 m unoxidized till (multiple
stratigraphic units?)
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